It has long been expected in physics that there should be causality from the strong nuclear force to nuclear structures, but the mechanisms have been unknown. The present work addresses this problem, by developing a theory based on a non-local hidden-variable (NLHV) design, that explains the nuclides from the synchronous interaction (strong force) upwards. The basis of the Cordus nuclear theory is that the nucleus consists of a nuclear polymer bonded by the synchronous interaction. Three-nucleon physics are accommodated, in the form of bridge neutrons across the nuclear polymer. The requirements for nuclide stability are identified as the need to have a nuclear polymer that consists entirely of cis-phasic synchronous bonds, and also a spatially viable layout. Only certain identified layouts are viable. The Cordus nuclear theory successfully explains, for all nuclides from Hydrogen to Neon, why any nuclide is stable, unstable, non-viable or non-existent. It explains why some elements have multiple nuclides, and others only one. The theory also explains the deviations from the p = n line, why 1 H 0 and 2 He 1 are stable with low neutron counts, why 4 Be 4 and 9 F 9 are unstable, and why heavier elements require more neutrons than protons for stability. It explains relative stability (lateral trends within one nuclide series), including the anomalous progressions (i.e. those situations where one nuclide is unexpectedly much more or less stable than its neighbouring nuclides). The theory also explains why the limits of stability are where they are. It explains the patterns of stability in the table of nuclides, such as the runs of stable isotopes and stable isotones. Thus the nuclide landscape may be explained by morphological considerations based on a NLHV design.
Introduction
The nucleus continues to be a mystery, a century after Rutherford's discovery thereof (Rutherford, 1911) and despite the subsequent development of quantum mechanics (QM), the Standard Model, and quantum chromodynamics (QCD). It is a logical necessity that the strong nuclear force should be a causal factor in atomic structures, but the mechanisms are still obscure. There are several models for nucleus structure, but each only provides a part-solution, and none explain all observed effects (Elliott, 1985) . It seems likely that the models are approximations to a deeper and more complete theory. Finding that new theory, or alternatively finding a way to unify the existing models, is worth attempting for the potential to yield a more complete understanding of matter and chemistry.
One of the challenges that needs overcoming is that none of the existing theories, including QCD, are capable of explaining the causality from the strong force upwards to the bonding of protons and neutrons in nuclear structures. A further problem is that the elements have many nuclides, and there is a need, at present unfilled, to explain why any given nuclide is stable or unstable, and explain anomalous states (e.g. the instability of 4 Be 4 ). Related to this is the need to explain the trends in the table of nuclides, e.g. why the drip lines are where they are, why the series stop where they do. Current explanations in this area, e.g. magic numbers, lack explanatory power. A further need is to describe the quantitative features of the nuclides, such as their lives and binding energy, and the trends therein. It is in this area that the most developments have taken place, in the form of models: mathematical fits to the data. However even so the fit is incomplete: the models provide a smooth fit to (say) binding energy, but the real data are discrete and disjointed. The mismatch is particularly apparent for light nucleus. This model provided shells for protons and neutrons independently. The shells were determined from assuming a harmonic oscillator in three coordinates. The elements display particular stability for certain quantities of nucleons, hence "magic numbers". These numbers are successfully predicted by the shell model, providing that some tuning is done by including a spin-orbit interaction. This model also predicts stability for large atoms (hence "island of stability") beyond the current range of synthesised elements, though the predictions vary with the particular method used. The shell model has good fit for atomic numbers below about 50, but becomes unwieldy for high atomic numbers.
The shell model has been extended to the interacting boson model (IBM) wherein nucleons are assumed to exist in pairs (Otsuka, Arima, & Iachello, 1978) , hence the model is restricted to nuclei with even numbers of protons and neutrons (Pfeifer, 1998) . This simplification reduces the complexity of the shell model and thereby extends it to heavier nuclei. The IBM lacks a rationale at the microscopic level (Elliott, 1985) . Another extension to the shell model is the cluster model, which assumes that the nucleons form closely-packed clusters (Pauling, 1965) . The clusters, or spherons, are proposed to consist of aggregates of neutrons and protons, typically alpha particles of two protons and two neutrons. Packing these in three-dimensional space leads to shells and sub-shells, and an explanation for magic numbers. The cluster model also explains why some nuclei are elongated into highly deformed states rather than being spherical.
Liquid-Drop Model
The liquid-drop model, originated by Gamow, assumes that the nucleus is comparable to an incompressible fluid made of nucleons (Gamow, 1930) . It predicts the binding energies and the shape of the nucleus, but not the magic numbers. It is analogous to surface tension in the way it treats the interior nucleons as behaving differently to those on the surface. An extension is the semi-empirical mass formula (Weizsäcker, 1935) which uses coefficients of empirical origin (see below). Another variant of the drop idea is the Collective model, which seeks to represent the collective dynamic motion or vibration of the whole set of nucleons comprising the nucleus (Bohr & Mottelson, 1953a , 1953b Peierls & Yoccoz, 1957; Villars, 1957) . It has been successful in explaining energy levels, where there are even numbers of protons and neutrons (i.e. no valence particles).
Semi-Empirical Mass Formula
The semi-empirical mass formula (SEMF) (Weizsäcker, 1935) is based on Gamow's liquid-drop model (Gamow, 1930) , and is particularly effective at predicting the binding energies and boundaries of nuclide stability (drip-lines). The factors in this model are the strong nuclear interaction (volume of whole assembly), electrostatic repulsion, surface energy (lower binding energy assumed for nucleons on the outside of the assembly), asymmetry of state (neutron and proton counts are not the same), spin state (pairing of particles in even-numbered assemblies gives greater stability), and several empirically derived calibration coefficients.
This model is interesting in the way it anticipates an underlying theory for stability, albeit empirically rather than descriptively. Thus the strong nuclear force (the first term above) is believed to have only a small range, such that nucleons interact with their immediate neighbours but not those further away in the assembly. The binding energy of the strong force is therefore modelled as increasing linearly with nuclear size (volume), not in proportion to the total number of nucleons. The third term, for surface area, moderates this neighbourliness factor on the basis that nucleons on the outside surface of the drop do not have as many neighbours with which to bond in the strong force. The other major factor in the SEMF is the charge, whereby it is proposed that mutual repulsion occurs with increasing number of protons, caused by electrostatic (coulomb) repulsion. This factor assumes a uniform charge in a spherical nucleus. The SEMF treats the nucleus as a ball of nucleons: it does not differentiate between protons and neutrons other than in the charge-factor, but primarily focuses on volume. This is consistent with its origin as a liquid-drop model.
The SEMF is successful in broadly predicting binding energies. It achieves this by fitting a type of power series with volume as the primary term, and five calibration coefficients available for tuning. Therefore there is some uncertainty as to how much of its success is merely a consequence of calibration, as opposed to a correct interpretation of the underlying physics. Therefore, while being open to the factors and causality that it suggests, it is also possible that nuclei might not really work this way. Other limitations of the SEMF are that it offers a smooth model, and fails to represent the underlying discrete nature of the nuclides. Nor does it represent the oddities and discontinuities in the series. Also, the fit is poor for the light nuclides. Furthermore, the modelling is focussed on binding energy, which is a poor discriminator between stability and instability.
Limitations
Existing models provide mathematical approximations for key nuclear characteristics. They identify the interplay of the strong and electrostatic forces as important in determining stability, but without elucidating the causality from the strong force to nuclear characteristics. Nor has integration of multiple models been possible. None of the models describe the detailed interaction of the nucleons, so the internal arrangements of the nucleus are still a mystery (Pfutzner, Karny, Grigorenko, & Riisager, 2012) . There is an obvious causal insufficiency to QCD and the shell/drop/SEMF models, despite a historically large investment of effort. The key questions are: How is it that a variable number of neutrons can be bound to one set of protons? Why are some combinations stable and others not? Why are proportionately more neutrons required as more protons are involved? These are difficult questions, which existing theories cannot answer.
Purpose and Approach

Purpose
The purpose of this paper is explain the Table of Nuclides from fundamental principles. More specifically, we seek to describe why any one nuclide is stable, unstable, or non-existent, starting from the strong force. There are also other behaviours that the solution must accommodate: why the deviations from the p = n line occur where they do (and not elsewhere), and why any one series (all the nuclides for an element) start and stop where they do (position of the drip lines).
Approach
This is an ambitious endeavour, and we address it in stages. We start with a specific NLHV design for the internal structure of matter, called the Cordus particule (Pons, D. J., Pons, A. D., Pons, A. M., & Pons, A. J., 2012) . A hidden-variable approach offers mechanics that are unavailable within the zero-dimensional point framework of quantum mechanics, and the non-local design circumvents the Bell-type inequalities (Bell, 1964; Leggett, 2003) , making this a usefully innovative and plausible approach. The structure of the proton and neutron have been predicted within this Cordus theory, which is an important starting point for a nuclear model. In addition the theory reconceptualises the strong force as a synchronous interaction between the discrete forces emitted by particules (Pons et al., 2013b) . This proved to be useful, as it opened a solution path whereby the interaction between protons and neutrons could be anticipated. From this arose the prediction that the nucleons have a specific spatial assembly, which is characterised as a nuclear polymer. This has been sufficient to explain some simple nuclides, namely those of hydrogen and helium. The focus of the present paper is to expand the theory to explain a wider set of nuclides, namely hydrogen (H) to neon (Ne), some 140 nuclides in all. This is a challenging part of the nuclide landscape, because the changes between nuclides are abrupt. It is poorly served by existing models.
Method
The research question is an ontological one, as opposed to mathematical modelling, and benefits from application of a conceptual method. We applied a systems design method to infer the mechanics of a nuclear polymer that could explain the observed phenomena. In this case each nuclide, with its empirically observed properties, is a phenomenon. The design method involves creativity: envisaging various solutions and testing them in thought-experiments against known nuclide phenomena and empirical results, and iterating to find a set of mechanics that works. The fittest solution is that which can most parsimoniously explain as many phenomena as possible. For internal validity, we added the further requirement that the additional mechanics either had to be logically consistent with the lemmas of the prior Cordus theory, or had to rework those lemmas. This ensures a solution with wide-ranging coherence.
In hindsight, the biggest difficulty was finding a set of principles that explained both the stable and unstable nuclides. We found that it was relatively easy to create a candidate design for a given stable nuclide, but the real test was whether that design could also logically explain the known non-existence of certain nuclides and the trends for that series as a whole, while maintaining coherence with the designs for other series. Many of the elements have strange trends in their nuclides: unexpected drops or rises in stability; more/less nuclides than adjacent elements; missing nuclides; multiple stable nuclides -or only one. It took four iterations of the design processes to achieve a satisfactory solution. We only present the final result, not all the dead-ends.
Results
The results identify a specific set of principles that when applied to the nuclear polymer are sufficient to explain the nuclides from hydrogen (H) to neon (Ne). Within this range, the theory is generally successful-there are exceptions-at explaining why any nuclide is stable, instable, or non-existent. The theory also explains why the www.ccsenet.org/apr Applied Physics Research Vol. 5, No. 6; 2013 drip lines are where they are, and gives a qualitative explanation of relative lifetimes of the nuclides and other trends.
Foundational Principles for Nuclear Structure
The starting postulate of the Cordus theory is that all particles are really linear structures of finite length (hence cordus), have two reactive ends separated by a short distance (span), and from their two ends emit three-dimensional discrete forces that travel down flux lines (Cordus: hyperfine fibril or hyff) (Pons et al., 2012) . A fibril joins the reactive ends and is a persistent and dynamic structure but does not interact with matter. It provides instantaneous connectivity and synchronicity between reactive ends. The two reactive ends are energised in sequence at the de Broglie frequency. This structure is called a particule. The result is a non-local solution as the particule is affected by incoming discrete forces within the range of its reactive ends, as opposed to merely the fields at its nominal centre point. Thus locality fails but a principle of Wider Locality applies. For a fuller discussion see (Pons et al., 2013b ) (Note 1).
Particules are differentiated by quantity and arrangement of their discrete forces. Previous papers provide the background to the structures of the proton and neutron, and develop a model of the strong force as negotiated synchronicity between discrete forces emitted by neighbouring particules. This was used to predict the physical structures of basic nuclear bonds, based on a geometric formulism of the discrete forces. Several different structures for proton-neutron assemblies were identified, including cis-and trans-phasic (Note 2).
The Cordus theory predicts that such nucleons will have a tendency to assemble into a nuclear polymer comprising approximately orthogonal joints. This requirement arises from the orthogonality of the discrete forces and their handedness. The polymer is laid on the edges of a set of connected three-dimensional cubes. Two-and three-nucleon mechanics have been identified. The Cordus nuclear theory requires the network to be a generally closed loop of nucleons connected in series, with occasional cross bridges. The structure of those cross bridges has been identified: they are primarily neutrons, and there are specific requirements for the composition of the nucleons that make up the bridge-heads on each side. In turn this means that bridges are only possible in certain situations. Exceptions are the light elements, where open structures are permitted, terminated by protons but not by neutrons, as will be shown below.
The Cordus theory identifies the proposed structures of the proton and neutron. Key attributes that we need in building a nuclear theory are the identity of the nucleon (proton or neutron), its orientation in space, and the energisation phase of each particule. For this we devised a simplified representation, see Figure 1 . Key features that differentiate this Cordus theory from other theories are: (a) the concept that the strong force is a synchronous interaction between discrete forces, as opposed to merely an exchange of bosons, (b) the concept that the synchronous interaction permits cis-and trans-phasic bonds, as opposed to merely the single interaction envisaged by other theories, (c) the concept of protons and neutrons having two reactive ends, energised in turn, as opposed to the 0-D point premise of QM. These concepts lead to the conclusion that protons and neutrons have multiple ways of bonding together.
Coherent Assemblies at the Nuclear Level
The Cordus theory has previously proposed that the synchronous interaction is the mechanism for coherent assembly of matter, and exclusively applies to such states. The electro-magneto-gravitational (EMG) interactions are proposed as the corresponding assembly mechanism for decoherent bodies. (This feature differentiates the www.ccsenet.org/apr Applied Physics Research Vol. 5, No. 6; 2013 Cordus theory from all other nuclear theories. It means that the electrostatic Coulomb interaction is nominally inoperative within the Cordus nucleus, whereas other nuclear theories assume the force is active). We now extend those principles to develop a theory for nuclear assembly.
Coherence in the Nuclear Polymer
The Cordus synchronous interaction (strong force) provides that all particules that are assembled together using that interaction, will have the same frequency (or a harmonic thereof), and will be either in (cis) or out of (trans) phase with each other. Noting that particules are rod-like, and their reactive ends are energised in turn, the requirement for phase can also be expressed as requirement for the relative angular orientation of the two particules to be 0 or π radians. Hence the Cordus theory offers a physical interpretation of spin (Pons et al., 2013b) . Thus cis-and trans-phasic correspond to para-and ortho-spin states, and a physical interpretation is thereby provided for these two states, e.g. as in positronium.
Consequently the nuclear polymer is predicted to have one common frequency throughout, and each nucleon is in a cis or trans-phasic relationship with its neighbours. A nucleus is therefore proposed to be a coherent assembly. The same synchronous force that keeps it together also rips it apart if the frequencies cannot be maintained. Synchronicity is proposed to be a requirement for the nuclide to exist. If any member of the polymer cannot comply, then the polymer disassembles, i.e. the nuclide decays or cannot form.
Polymer Morphology as Key Determinant of Stability
We propose that the morphology of the polymer and the nature of the bonds are the primary determinants of stability/instability/non-viability of the nuclide concerned. The results identify a set of specific principles and rules that apply, i.e. it is possible to create a logically consistent mechanics, one that determines the shape of the polymer for each nuclide, and in turn that shape determines its stability. We present these principles first, in the form of lemmas or proposed statements of causality. Thereafter we present the proposed shape for each of the nuclides in this study. It should be noted that the lemmas and the shape models are different representations of a single underlying morphology, and are therefore intimately linked even though that might not seem the case on first inspection. Indeed these two outputs were developed concurrently as part of the design process, even if presented here serially.
Strain Across the Polymer
With design revision four (the current version of the theory) it became apparent that a common theme could be identified in many of the lemmas. This is that strain across the nuclear polymer is a major factor in the viability and life of a nuclide. We anticipate two forms this strain takes. One is angular misalignment: while the nucleons may prefer to bond orthogonally to each other, the joint appears able to take some limited angular strain. The other is morphological: half-way round the loop (or any sub-loop), the polymer must be able to take a locus that will bring it back to its start and thereby close the loop with zero net torsional strain. We refer to this as the polymer needing to be symmetrical. This also means that the position of the bridge neutrons is crucial, since they are the means for determining the shapes of the subassemblies.
Nuclear Assembly Mechanics: Lemmas NP.6 for Nuclide Structures
The lemmas represent the proposed causality of the Cordus mechanics. It is not practical here to describe the design locus itself, i.e. how we came up with this particular set of mechanics. Nor can we here describe all the candidate solutions and dead ends, important as those are in eliminating unproductive parts of the solution space.
Instead we simply present the lemmas as the outcomes. In the descriptions that follow, p refers to proton, n neutron, # cis-phasic joint between nucleons, x transphasic joint.
Stability/Instability/Non-Viability
It turns out, according to this theory, that stable nuclides need not only to have a nuclear polymer that consists entirely of stable cis-phasic bonds, but also a viable shape of their nuclear polymer. Thus stability is proposed to be partially morphological. The first two lemmas detail the requirements.
Unstable nuclides, of which there are many, are explained as having unstable trans-phasic joints between nucleons, but still having a viable shape of polymer. Nuclear polymers made of these bonds will have a finite life. The reason trans-phasic bonds decay is, according to the Cordus theory, because outside perturbations from the fabric interfere with the synchronous interlock of the discrete forces. Trans-phasic bonds are much weaker at rejecting this interference, and are therefore the weakest link in the nuclear polymer.
The nuclides that do not exist or have very short lives (<1E-9s), which we categorise as non-viable nuclides, are explained as having either excessively long chains of trans-phasic joints, or cannot find a viable polymer shape Vol. 5, No. 6; 2013 152 with the number of protons and neutrons at their disposal, or both. In the table of nuclides these are seen as the limits of stability (drip lines), and as occasional gaps in the series. There may be viable nuclides each side of a gap, since adding another neutron sometimes makes a new shape available. Neither QCD nor the SEMF are able to explain these gaps, since they have no way to understand the interactions between individual nucleons.
Please see Appendix A for the lemmas.
Table of Nuclides H to Ne
Application of the lemmas results in specific shapes of the polymers for the various nuclides. We start with the stable nuclides, and then move the unstable nuclides. Space precludes a detailed description of the shapes or an elaboration of how the lemmas apply to each case, but Appendix B has more details.
Stable Nuclides
The stable nuclides from H to Ne are given in Figure 2 . Each sub-figure presents the predicted internal structure of the nuclide. 
Trends for Stable Nuclides
Having established the structures for the stable nuclides individually, we now turn to consider their trends.
Structural Trends
The first is the structural trend, see Figure 3 . The Cordus theory predicts a morphological progression from simple open structures (H and He), to symmetrical structures for those nuclides of Li to Ne that lie on the p = n line. The stable nuclides off the line (n > p) are predicted to have asymmetrical but complete subassemblies. Within each of these there is a finer progression which is reminiscent of the shell theories. 
2He1 (stable)
This is the only stable assembly that breaks the rule of one neutron per proton. The proposed reason is that the structure is chirally complete despite exposed ends of the protons The stability of this nuclide is attributed to the single proton and neutron forming an overlapping linear structure using cis-phasic bonds.
The structure is predicted to be a 4p 4n polymer loop, with a bridge neutron. The bridge neutron partitions the asymmetrical assembly into two individually complete sub-assemblies.
Cube 1
Cube 2 n p p n n p
The structure neatly and completely fills two cubes, using only proton-to-neutron cis-phasic bonds (p#n), hence stability. The stability arises because the polymer is able to fill three cubes exactly. 
8O9 stable
The stability arises because there is space for bridge neutrons, and all the subassemblies are complete. 
(2) Symmetrical structures
Nuclides on the n=p line are symmetrical, and can achieve this by the nuclear polymer covering the perimeter of one or more cubes either (a) completely, or (b) missing one nucleon from each of the two end cubes. No bridge neutrons are possible on the n=p line.
(3)Asymmetrical structures
Stable Nuclides with n>p have bridge neutrons. They achieve this by having COMPLETE SUBASSEMBLIES. These comprise combinations of a lamellar, 1-, 2-, 3-Cubes, and 4-star. The trends whereby the stable nuclides deviate from the p = n line are also interesting, and the theory successfully explains these. The explanation is that for light elements the p = n nuclear polymer is stable, but heavier elements require bridge neutrons to divide the polymer into complete subassemblies. These additional neutrons cause the deviation from the main line. The greater the number of cubes used by the nuclear polymer, the greater the number of bridge positions potentially available. However not all bridge positions are permitted (since the subassemblies also need to be viable), so not all deviations are stable. Heavier elements have longer nuclear polymers and more bridge neutrons, and hence more stable nuclides.
Aberration of Neutron-Light Nuclides
This theory explains the two aberrations, 1 H 0 and 2 He 1 which are stable despite having p < n. The 1 H 0 nuclide is stable without any neutron, because the single proton is stable as an open structure. Likewise 2 He 1 is stable with only one neutron (rather than two), because it is an open series, as opposed to the generally closed nuclear polymer. The open structure is only available for the simplest nuclides, up to He. Three or more protons cannot be joined this way, as they close the polymer. Hence the theory correctly explains why the aberration occurs, and why it does not occur for Li or higher. In both 4 Be 4 and 9 F 9 there is no stable layout that meets the morphological rules. Specifically, for 4 Be 4 the issue is a lack of viability for a 2-linear symmetrical incomplete assembly, see Figure 4 . For 9 F 9 the aberration arises because there is no stable layout with only 4-cubes, see Figure 5 . None of the other H-Ne nuclides have these problems of finding a suitable layout. Note that in both 4 Be 4 and 9 F 9 the polymers meet the other stability requirement, which is to comprise entirely cis-phasic joints. Figure 6 . These are puzzling trends that are not explained by other theories. In the Cordus theory the explanation arises naturally from consideration of the polymer filling rules. Specifically, these runs are due to the structure having the ability to accept additional bridge neutrons. This is achieved by changing the shape of the polymer as more neutrons are added.
In understanding this effect it is important to note that the additional bridge neutrons are placed into cis-phasic bonding situations, hence the first of the two stability requirements is met. The second stability requirement is for a viable shape, which these isotopes provide. Thus 8 O 8 is a symmetrical incomplete structure with cis-phasic bonds throughout, hence stable. Adding a neutron to make 8 O 9 changes the assembly to a 3-CUBE + LAMELLAR (viable), and retains cis-phasic bonds throughout, hence stable. Likewise the change to 8 O 10 (2-CUBE + 1-CUBE + LAMELLAR) is also stable. The run of stable isotopes stops when there are no further stable bridge positions available, which is a function of the number of cubes. This also explains why lighter elements like Oxygen (which have fewer cubes) have fewer stable isotopes (shorter runs). These runs of stable isotopes are a strong feature of the larger table of nuclides, and the basic principles described here explain why they occur, and also why they only start at Oxygen. The Cordus nuclear theory also explains the vertical isotones as complementary to the horizontal runs of stable isotopes, and these are presented next. The Cordus theory explains these stable isotones as due to the structure progressively gaining protons and thereby being able to remove bridge neutrons into the main loop. The lower rung of the ladder, 8 O 10 in this case, is packed with as many bridge neutrons as is feasible, which is two bridges (hence 2-CUBE + 1-CUBE + LAMELLAR for 8 O 10 ). Importantly, the smallest subassembly is a lamellar. This is significant because adding a proton to make 9 F 10 allows the polymer to add the proton and one bridge neutron to convert the lamellar to a 1-cube. In this way it reaches a viable layout, and retains cis-phasic joints, hence stability.
In this case 9 F 10 is what we term a Single-Stability nuclide: there is only one stable nuclide for this element. This is characteristic of the vertical ladders generally. These single-stability nuclides arise from 9 F 10 upwards. These nuclides have assemblies comprising complete cubes, this being a consequence of the expansion of the lamellar plate in the immediate lower nuclide. The reason there is only a single stable nuclide is that the both the lower ( 9 F 8 ) and higher ( 9 F 11 ) nuclides are unstable. In both cases the reasons are morphological. For 9 F 8 the reason is the 4-STAR is unstable when on its own (see earlier figure). For 9 F 11 adding a bridge neutron in an attempt to make a cis-phasic 9 F 11 would result in two 1-Cubes, and this is non-viable. Another characteristic of the single-stability nuclides is that they are off the p = n line, which is explained as their all having a bridge neutron.
The top rung of this ladder involves an additional proton to make 10 Ne 10 . The availability of this proton permits the polymer to reallocate the bridge neutron into the main loop, thereby creating a 5-cube symmetrical incomplete layout with cis-phasic bonds, hence stable. Importantly, this is the last bridge neutron to be extracted, and this causes the vertical ladder to stop here (hence 11 Si 10 is not stable).
The insertion of bridge neutrons into the polymer to create the horizontal runs, and their extraction for the vertical ladders also handily explains why the sizes of the horizontal and vertical runs are the same: three in each case (at this level). Heavier elements have more cubes available, and hence longer runs and ladders.
A summary of these trends is shown in Figure 8 . 
2He1 (stable)
This is the only stable assembly that breaks the rule of one neutron per proton. The proposed reason is that the structure is chirally complete despite exposed ends of the protons The stability of this nuclide is attributed to the single proton and neutron forming an overlapping linear structure using cis-phasic bonds. The structure neatly and completely fills two cubes, using only proton-to-neutron cis-phasic bonds (p#n), hence stability.
Cube 1
Cube 2 n p p n n p n A bridge neutron is an optional structure. The assembly is stable because the bridge creates two full cubes.
Cube 2 n n n p
Cube 3 n p p n
The stability arises because the neutron takes a bridge location and thereby partitions the structure into a stable pair of cubes (1 and 2), and a lamellar plate (3). The stability arises because the polymer is able to fill three cubes exactly. 
8O9 stable
The stability arises because there is space for bridge neutrons, and all the subassem blies are co mplete. 
Horizontal runs
These are due to the structure having the ability to accept additional bridging neutrons. This is achieved by changing the shape of the polymer. That expansion consumes a bridge neutron along with the new proton, thereby converting a lamellar plate into a cube. The reason there is only a single stable nuclide is that addition of a further bridge neutron (e.g. an attempt to make a cis-phasic 9F11) would result in two 1-Cubes, and this is non-viable. So the neutron for 9F11 has to make other arrangements, which lead the polymer into trans-phasic joints and hence instability. Or to put it another way, the lower nuclide already had as many neutrons as were possible to fit into that number of cubes. These nuclides are all off the main line, because they already have a BRIDGE neutron(s).
No stable nuclides with n<p (Except 2He1) This is a consequence of the synchronous interaction, which inter alia requires that stable assemblies of protons and neutrons must use cis-phasic bonds (as opposed to transphasic). This precludes closedloop proton-to-proton bonds. The exceptions are the Open structures which are permitted to have n=p-1, (hence n,p), but have very little scope as they become closed after 2He1. 
Unstable and Non-Viable Nuclides
The Cordus nuclear theory predicts layouts for all the unstable nuclides from H to Ne, see Figure 9 . For each it provides a qualitative explanation of the relative trends in life. There are very many unstable nuclides, and a full description is beyond the present paper, though Appendix B (online only) contains a more detailed representation of the nuclides with explanatory text for each. (The neutron-nuclides are also included, but these are more of a curiosity.)
Relative Stability Is Explained
The theory successfully explains relative stability: why any one nuclide is more/less stable than its neighbour. Generally the explanation is that less stable nuclides have longer chains of plain protons (or neutrons as the case may be). The irregular changes in relative stability across a series are successfully explained with the Cordus theory. Other theories, including binding energy models, do not accommodate these changes. It has been noted before that binding energy is an unreliable predictor of stability, and the Cordus theory starts to show why. The explanation is that the number of trans-phasic bonds, which is zero medially (at or near p = n), tends to increase www.ccsenet.org/apr Applied Physics Research Vol. 5, No. 6; 2013 distally across a series. It so happens that binding energy also decreases distally, though it does so smoothly (for reasons not described here). It is the number of trans-phasic bonds, and the viability of the shape, that determine nuclide life, and binding energy emerges as merely a proxy or secondary variable.
Gaps and Non-Viable Nuclides Are Explained
Also, the Cordus theory can explain all the non-viable nuclides -those gaps in the series, and the limits of stability-in terms of morphology. The gaps arise because there are no viable shapes accessible for a polymer with that specific number of protons and neutrons. Towards the distal extremes of the series, the number of trans-phasic bonds increases, which also contributes to non-viability (see Lemma NP.6.8).
Limits of Stability Are Explained
The limits of stability are also easily explained, i.e. why the series start and stop where they do. The start constraints, i.e. the limits to the proton-rich nuclides, are primarily occupancy (Lemma NP.6.7) specifically the need for a neutron per cube, and limits on proton density (Lemma NP.6.8).
The end constraints, i.e. the upper limits to the neutron-rich nuclides, are not so much the non-availability of a viable layout, as the inaccessibility of such layouts due to the need for occupancy (Lemma NP.6.7) and proton continuity (Lemma NP.6.9). At the limit, the element does not have enough protons to service additional cubes, and therefore cannot access such layouts.
The theory suggests that the limits of stability for neutron-rich nuclides could in some cases be slightly higher than empirically observed. For example the Boron series is generally understood to stop at 5 B 16 , whereas morphological considerations suggests it stops at 5 B 17 . However neither of these are viable nuclides anyway, so it does not matter much.
In this theory the lower and upper limits of stability are shown to be determined by polymer considerations for each element independently. What happens for one element need not be similar to other elements, even though there is a general trend of heavier elements having more cubes and hence increased limits. Therefore the Cordus theory suggests we should not expect to find the limits for one element correlated to those of its immediate neighbours. Indeed this is exactly what the empirical evidence shows: the margins are irregular. Consequently we reject the concept of drip "lines": there is neither empirical evidence nor theoretical support for the idea that the stability limits for multiple nuclides are connected by contour "lines". The "line" idea is an artefact of the SEMF model and its propensity to create smooth gradients of binding energy. Vol. 5, No. 6; 2013 Generally the Cordus nuclear theory shows excellent explanatory power for the life of the nuclides, in that it correctly differentiates between the stable/unstable/non-viable nuclides. It correctly identifies the limits of stability on both the proton and neutron rich ends of the series. It also explains the trends in stability, including the sudden changes (positive and negative) within the series. The latter have been difficult for other theories to explain.
Exceptions
There are some exceptions, though none of these is a major problem since there are no situations where the Cordus theory is totally at odds with the empirical life data. Minor discrepancies are observed for 4 Be 4 , 4 Be 9 , 4 Be 11 , 5 B 4 , 8 O 4 , 8 O 17 , 9 F 7 , 10 Ne 6 , and 9 F 19 , where the Cordus theory suggests a slightly better viability than is observed. These are all nuclides that are highly unstable (<1E-9 s) or non-viable, so this is a reflection on the difficulty of characterising the limits of stability. All the stable and merely instable nuclides are readily accommodated within the Cordus theory.
There is only one situation where the Cordus theory predicts a worse viability than is observed, and that is 8 O 20 . The Cordus theory suggests this nuclide should not exist at all, whereas the empirical evidence is for a barely viable nuclide with life < 100 ns. This difference is perhaps unimportant, given the general indistinctness between non-viable and non-existent.
It is noteworthy and curious that the Cordus nuclear theory generally predicts only one unique shape for each nuclide. This was not something we deliberately set out to achieve, rather it is an emergent characteristic of the lemmas. It is curious because it suggests that the nuclear shape is constant, rather than changing, for any one nuclide. This characteristic arises since the progressive construction of the polymer is fundamentally a morphological process, which naturally embodies a progression of unique shapes under the given rules. It is possible that morphological uniqueness is another criteria for viability (along with cis-phasic joints and a viable layout). Thus it may be that where the mechanics permitted multiple shapes, there the nuclide would be unstable. However we do not have many data points to be certain on this. The only case encountered is 9 F 21 , but that is capable of other explanations too.
Discussion
What Has Been Achieved?
This work makes several novel intellectual contributions. The first is the ontological contribution of showing causality from the strong force (Cordus: synchronous interaction) all the way up to nuclear structure. This has not previously been achieved by any other nuclear theory.
The second contribution is the provision of a theory with sufficient explanatory power to explain the lateral phenomena in the nuclide series. Specifically it is capable of explaining why any nuclide is stable, unstable, non-viable or non-existent. It can explain why there is only one stable nuclide, or two or three as the case may be. Related to that, the theory also explains the horizontal runs (multiple stable nuclides for one element). The theory can explain relative stability (lateral trends with one nuclide series), including the anomalous progressions (i.e. those situations where one nuclide is unexpectedly much more or less stable than its neighbouring nuclides). The theory also explains why the limits of stability are where they are, as opposed to somewhere else.
The third contribution is that the theory explains the vertical integration between the nuclides. Specifically it explains why stability for the lighter elements tend to be at p = n, and why the deviation from the p = n line occurs for the heavier elements (neutrons are placed in bridge positions). The theory also explains the aberrations: why 1 H 0 and 2 He 1 are stable with low neutron counts. The instability of 4 Be 4 and 9 F 9 are also explained. It also explains the isotones whereby nuclides of a common neutron count are stable (the reasons are morphological). Related to that, the theory explains the connectedness between those vertical ladders, the horizontal runs, and the single-stability nuclides.
The fourth contribution is the provision of an explicit nuclear mechanics, in the form of a set of lemmas, by which the structures of all these nuclides may be generated. We are not claiming these lemmas are the end of the matter, but we do present them as a workable starting theory of causality for nuclear mechanics.
The sixth contribution is methodological, in that we have shown that application of the design method is capable of generating conceptual theories with high explanatory power. An associated contribution is the demonstration that non-local hidden-variable designs have great potential. This is important as hidden-variable designs have generally been treated contemptuously by orthodox physics.
There is a seventh contribution, though it will not be apparent in this paper in isolation, which is the construction www.ccsenet.org/apr Applied Physics Research Vol. 5, No. 6; 2013 of a wider theory with large-scale coherence and explanatory power. The Cordus theory now has the capability to explain many phenomena including wave-particle duality, entanglement, optical laws (Pons et al., 2012) , electro-magnetic-gravitation forces, the strong force (Pons et al., 2013b) , time (Pons et al., 2013a) , the horizon aspects of cosmology (Pons et al., in press) , and now the nuclides. The important point is that the theory has a logical consistency throughout. That it has been possible to create a theory for the nuclides, without breaking any of the lemmas for the other parts of the theory, is evidence for conceptual coherence.
Implications
The Cordus theory offers a new physics for nuclear mechanics. This involves several new concepts:
• a NLHV design whereby particules have physical structures, as opposed to the QM construct of zero-dimensional points;
• a synchronous interaction, as opposed to the gluons and strong force of QCD;
• multiple types of synchronous bond (cis-and trans-phasic), as opposed to the single strong force of QM;
• a nuclear polymer, being a network of interlinked nucleons, as opposed to the liquid drop and shell models of the like of the SEMF;
• a morphological nuclear mechanics describing the spatial arrangements of the polymer, with a resulting explanation of the table of nuclides.
Each of these concepts is novel, and entirely different to the existing theories. The Cordus theory is not an interpretation of QM or any existing theory, but a re-conceptualisation of foundational physics. If the theory is correct then the implications are correspondingly radical. The Cordus theory would subsume QM, since the probabilistic wave-function of QM can be interpreted as a rough statistical approximation of a deeper Cordus particule behaviour, and all QM's quantitative machinery can be left intact. However the Cordus theory rejects QM's bosons as force carriers, and likewise rejects QCD's gluons. At some level we would expect the Cordus theory to be complementary to the SEMF and liquid drop models, because those are models for the geometric packing of the nucleons. However the point of difference for the Cordus theory is that it offers a design for the inside of the nucleus and the bonds between its components, whereas existing models stop at the aggregate level. Therefore the Cordus theory has the potential to provide a conceptual discontinuity in the development of fundamental physics.
Limitations
The work has its limitations. The first is that of scope: the work is currently limited to the nuclides from Hydrogen to Neon. This is simply a workload constraint, and there is every reason to believe that the principles developed here are applicable, with modification, to heavier elements.
The second limitation is that the work is primarily conceptual, and its mechanics are expressed qualitatively. This is not a deficiency, though it might seem that way to those more used to seeing physics expressed mathematically. Rather it is a consequence of an objective which was to reconceptualise fundamental physics. For this objective, it is more valuable to have a framework that is logically consistent across a wide range of phenomena, i.e. coherent and with explanatory power, than a quantitative solution for a narrowly defined area. The mathematical formalism is a detail that can be added later. Consequently, while we recognise the need to eventually have the concept developed into a more quantitative detailed form, we temporarily leave that for future work.
There are no serious limitations in the explanations provided by this Cordus theory for the nuclides from H to Ne. All the nuclides can be explained. For a small minority of the highly unstable/non-viable nuclides the explanations are weaker than ideal (details given above) but this does not affect the overall theory.
The theory makes numerous falsifiable claims for nuclear structure: one per nuclide.
Implications for Future Research
The theory has been built on known empirical data for the lifetimes and viability of the nuclides. There are other characteristics of the nuclides, and these could be considered in future refinements of the theory: binding energy, charge radius, proton and neutron separation energies. The mechanics developed here reflect the first attempt at a theory, and it is to be expected that the theory will change as these other phenomena are included. Other areas for future research include development of a theory for polymer strain, and extension of the theory to heavier elements. While it is difficult to validate a conceptual theory, the greater the explanatory power the fitter the theory. The future research developments could help determine that fitness. An ultimate research question would be to make quantitative predictions from first principles, e.g. of the lifetime of a given nuclide. www.ccsenet.org/apr Applied Physics Research Vol. 5, No. 6; 2013 
Conclusions
One of the deep gaps in fundamental physics is how to explain the causality from the strong nuclear force to nuclear structures. This has not previously been achievable with existing theories. A complementary problem has been that existing models of nuclear structure treat the protons and neutrons collectively, and are unable to describe the detailed interaction of the nucleons. Consequently there has been a lack of theoretical explanations for the nuclides, their trends in stability, instability, and non-viability. The present work addresses this problem, by developing a theory that explains the nuclides from the synchronous interaction (strong force) upwards.
The basis of the Cordus nuclear theory is that the nucleus consists of a nuclear polymer, which in turn comprises proton and neutron particules (these have internal structure and are not zero-dimensional points) bonded by the synchronous interaction. Unlike conventional representations of the strong force, the Cordus synchronous interaction is capable of two types of bond, cis-and trans-phasic. This becomes an important determinant of nuclear stability, in that stable nuclides are required by this theory to have entirely cis-phasic bonds between nucleons. Three-particle physics are accommodated, in the form of bridge neutrons across the nuclear polymer. The other requirement for stability is that the nuclear polymer be able to take a viable layout. These layouts are proposed to be fundamentally morphological, in that the polymer is required to be draped over a set of interconnected lamellar and cubic shapes. Instability arises when trans-phasic bonds are necessary. Non-viable and extremely short-lived nuclides arise when viable layouts are inaccessible to the polymer: the requirements for these are identified.
The Cordus nuclear theory is expressed as an explicit nuclear mechanics, in the form of a set of lemmas, by which the structures of the nuclides may be generated. The resulting theory successfully explains, for all nuclides from Hydrogen to Neon, why any nuclide is stable, unstable, non-viable or non-existent. It explains why some elements have multiple nuclides, and others only one. The theory also explains the deviations from the p = n line, why 1 H 0 and 2 He 1 are stable with low neutron counts, why 4 Be 4 and 9 F 9 are unstable, and why heavier elements require more neutrons than protons for stability. It explains relative stability (lateral trends with one nuclide series), including the anomalous progressions (i.e. those situations where one nuclide is unexpectedly much more or less stable than its neighbouring nuclides). The theory also explains why the limits of stability are where they are. It explains the patterns of stability in the table of nuclides, such as the horizontal runs and vertical ladders.
The explanatory power is excellent for the light nuclides, where existing approaches based on bonding energy traditionally struggle. The principles are expected to be generally applicable to the nuclides of heavier elements.
Combined with applications of the Cordus theory to explain other areas, the work shows that non-local hidden-variable designs have potential in providing solutions with high explanatory power and wide-ranging logical consistency for difficult problems in fundamental physics. Figure A2 . Vol. 5, No. 6; 2013 6.2.2 Symmetrical structures are possible with simple series p#n (cis-phasic) polymer chains. These do not need to fill all the cubes, but they must be symmetrical. (The reason is tentatively that these unfilled cubes impose strain on the polymer, and the symmetry requirement ensures that the sum of the strain around the polymer will be zero). Stable Nuclides with p = n use the symmetrical layouts. See Figure A4 . 
6C6
(stable due to 2.1 symmetry)
The 3.2 exception permits these cubes with one nucleon missing Figure A4 . Symmetrical structure for 6C6 is stable. Note that the top and bottom neutrons are shown longer than the others, but this is simply for representative convenience: the actual shape is expected to be such that the strain is equally distributed throughout the polymer 6.2.3 Symmetrical subassemblies require three or more cubes. Hence 6C6 (three cubes) is stable, but 4Be4 (two cubes) is not. The reasons are conjectured to be that the smaller structures have greater difficulty accommodating the strain. See Figure A5 . Figure A5 . Symmetrical structure for 4Be4 is unstable 6.2.4 COMPLETE SUBASSEMBLIES are viable, but only certain filled shapes are complete. COMPLETE means that all expected edges must be occupied.
6.2.4.1 These are the LAMELLAR plate (4 nucleons), SINGLE CUBE (6 nucleons), 2-LINEAR CUBES, 3-CUBEs, 4-STAR and potentially others, see Figure A6 . Vol. 5, No. 6; 2013 symmetry requirement still applies).
NP.6.5 A Cube with Four Unfilled Edges Is Non-Viable
The reason is thought to be excessive strain in such structures.
6.5.1 A spike of two nucleons protruding into a cube (with or without a BRIDGE neutron) does not make a COMPLETE SUBASSEMBLY and is non-viable. See Figure A9 .
6.5.2 The nuclear polymer may avoid this by not advancing into the affected cube, but rather placing the neutrons into BRIDGE positions elsewhere. This requires the existence of suitable such locations, which is not automatically always the case.
NP.6.7 OCCUPANCY: For Viability Each Occupied Cube Must Have at Least One Neutron and One Proton
6.7.1 Applies to proton rich structures. It would seem to be a strong constraint in these cases: the principle cannot be violated, even fleetingly. See Figure A11 .
6.7.2 Applies also to neutron rich structures. Trans-phasic Proton chains (pxp) are not permitted to exceed a certain length or density. That limit is currently believed to be about as many protons in series as there are cubes in the polymer. This applies to proton rich structures. Thus a plain chain of protons cannot be achieved. This is believed to be a strong constraint. The reason is presumably because the strong handedness constraints of the protons cannot be accommodated. See Figure A12 .
6.8.2
Trans-phasic neutron chains (nxn) are not permitted to exceed a certain length. That limit is currently believed to be about as many unfixed neutrons in series as there are cubes in the polymer. The reason is presumably because the neutrons are too accommodating, and therefore the structure lacks stiffness or becomes indeterminate at the re-energisation cycles. Interspersing protons limits the chain length, but proton continuity needs to be maintained. 6.8.3 The above limits are dependent on the shape (symmetrical polymers are less tolerant than complete subassemblies), and the number of cubes, and are tentative. Vol. 5, No. 6; 2013 The direct lineal effect of the discrete force provides the electrostatic interaction, the bending of the hyff flux line provides magnetism, the torsion provides gravitation interaction, and the synchronicity between discrete force elements of neighbouring particules provides the strong force. These are all carried simultaneously by the composite discrete force element as it propagates outwards on the hyff flux. Assembled massy particules compete spatially for emission directions, and may synchronise their emissions to access those spaces. Thus there is mutual negotiation in the near-field between interacting particules, based on shared geometric timing constraints. These particules interact by negotiating complementary HEDs and synchronising the emission frequencies of their discrete force elements. This synchronicity is proposed as the mechanism for the strong force and for coherent assemblies. The same mechanism, acting through coherent assemblies of electrons, explains molecular bonding. Thus the Cordus theory provides force unification by providing a model for electro-magneto-gravitational-synchronous (EMGS) interactions as consequences of lineal, bending, torsion, and synchronicity effects respectively. The discrete force element is a 3-D composite structure, with a hand defined by the energisation sequence between the axes. This hand provides the matter/anti-matter species differentiation, which are denotes dexter and sinister respectively. We acknowledge that we have not described what these discrete forces and flux tubes comprise. Instead, the design method used to develop the Cordus theory simply shows that having such elements is a logical necessity for this solution.
Note 2. Cis-phasic joints are where the reactive ends, one from each of two particules, are co-located, have the same frequency and are in-phase. The trans-phasic joint also involves co-location of the reactive ends, synchronous frequency, and the strong force, but the difference is that the particules are at opposite phases in their energisation sequences.
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